Abstract A thin skin of low tensile failure strain, if bonded to the tensile surface of an un-notched impact bend specimen of much tougher material, can change the global failure mode from ductile to brittle. A novel model of this well-known effect is developed and applied to results from impact tests on a tough core of polyamide-polyethylene blend, with a single skin of brittle EVOH. At a fixed crosshead speed, notched specimens of the blend become brittle at a relatively low temperature T bt . Un-notched bilayer specimens continue to show skin fracture up to a considerably higher temperature T fs ; above this temperature they do not fail at all but below T bt they too fail in a brittle manner. Within the temperature range from T fs down to T bt there is a transition from crack arrest, either at the skin/core interface or further into the core where a crack would not normally propagate, to brittle fracture. This brittle fracture temperature is predicted by modelling the process as a three-phase impact event.
the adiabatic temperature distribution generated while it was driven open by skin retraction. The criterion for craze decohesion, and hence for a crack jump, is the same adiabatic decohesion criterion which accounts for the speed-dependence of impact fracture in notched monolayer specimens. Applied computationally, this model predicts whether a bilayer structure fails in a brittle way or whether cracks initiated in the skin are arrested, either temporarily or permanently, at the skin/core interface. 
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The deleterious effect of a skin material on the mechanical properties of a polymer core material is encountered in many different situations. Coatings intended to fulfil specific functions such as decoration, mechanical protection, diffusion barrier or electrical insulation were studied by Kim and Nairn (2000) . The ability of a bilayer structure to initiate brittle fracture has also been exploited for the purposes of research on rapid crack propagation (Ivankovic and Williams 1993), arrest (Theocaris and Milios 1981), or on interface effects in composite materials (Cudré-Mauroux et al. 1991) . A distinct skin may be formed unintentionally, e.g. when a polymer surface is modified by environmental ageing or by shear in injection moulding. In the first case, a brittle layer forms at the surface due to oxidation, ultraviolet radiation, exposure to elevated temperature, or stress cracking agents (Schoolenberg and Meijer 1991). Injection moulding may form skin layers which are more rigid and tougher in the flow direction than the core material. The presence of the skin often appears to embrittle the core material: skinned structures fail under conditions in which similar un-skinned structures do not. Various approaches have been used to study this effect, depending on the direction of crack propagation relative to the skin and on the presence or absence of an initial notch and/or of an adhesive interlayer. This paper investigates and models a crack which propagates from a brittle layer, with a low failure strain, to a tougher and less rigid core, the propagation direction being perpendicular to the interface plane. The presence of the skin in this case has been compared to that of a notch, as deep as the skin thickness, in a monolayer core specimen. Djiauw and Fesko (1976) and others found that if the skin was thick and/or under high deformation rate, its embrittling effect was greater than that of a notch. While embrittlement has been observed by many authors, few agree on its mechanism; it has been attributed to the restriction of crazing in the core (So and Broutman 1982) , the high elastic energy stored in the skin [Djiauw and Fesko (1976) and Cudré-Mauroux et al. (1991) ], the poor viscoelastic properties of the skin (Verpy et al. 1994) , the elastic property discontinuity of the interface (Theocaris and Milios 1981) and the effect of high strain rate on the brittle/ductile transition of the core material (Könczöl et al. 1991) as the crack meets the interface.
The core material studied here is the polyamidebased thermoplastic alloy Orgalloy and the skin is an ethylene vinyl alcohol copolymer (EVOH) which has excellent barrier properties but a low failure strain
